The objective of this work was to determine if pigs of similar BW, but differing in 10th-rib backfat thickness, would differ in their selection of dietary protein. The first experiment was conducted with gilts and was designed in a 2 × 2 factorial arrangement with the main effects of body fat (lean vs. fat) and feeding program (single vs. choice). Crossbred gilts (n = 32) with an initial BW of 79 kg were sorted into high (2.24 cm, fat) and low backfat (1.51 cm, lean; P < 0.001) groups based on real-time ultrasound scans at the 10th rib. Diets were 1) a low-protein corn-based diet supplemented with crystalline AA (8.5% CP, 0.58% Lys) and 2) a high-protein corn-and soybean meal-based diet (22.7% CP, 1.275% Lys). During wk 1, all pigs were fed a 50:50 mix of the low-protein and high-protein diets. From d 7 to 28, one-half the pigs in the lean and fat groups were given a choice of low-and high-protein diets in separate feeders, whereas the others remained on the 50:50 mix. Initial differences in 10th-rib backfat thickness were maintained through d 28 (fat, 3.02 cm; lean, 2.42 cm; P < 0.001). Circulating leptin concentrations were greater in the fat pigs than in the lean pigs (3.84 vs. 3.35 ng/mL; P < 0.05). Average daily gain (1.06 kg/d) and ADFI (2.64 kg/d) were not different between treatment groups. However, the pattern of selection was different in the choice groups such that lean pigs consumed more (64.4%) of the high-protein diet than did fat pigs (35.6%, P < 0.01), resulting in a difference in the percentage of protein consumed (lean = 16.9% CP; fat = 12.8% CP; P < 0.01). A second experiment of similar design, but with barrows (n = 32; initial BW 69 kg), was conducted. Barrows classified as fat had 2.33 cm of 10th-rib backfat as compared with 1.75 cm in the lean group (P < 0.01). The percentage of protein in the diet selected by the fat barrows was not different from that selected by the lean barrows (15.9 vs. 17.4%). The lack of difference in selection pattern in barrows may be accounted for by the relatively smaller difference in body composition between the fat and lean classifications in the barrows in the choice feeding program as compared with body composition of the gilts. These results demonstrate that gilts of similar BW, but differing in composition, likely have different nutrient requirements and diet selection patterns. Although allowing pigs to self-select did not alter growth rate, the results indicated that diet selection can be used to allow pigs to meet their individual nutrient requirements more closely.
INTRODUCTION
It is commonly accepted that animals will regulate intake primarily based on their caloric requirement and the energy density of the diet when offered a single feed (Cowgill, 1928; Peterson and Baumgardt, 1971) . However, it is also known that animals can regulate intake of other nutrients, including protein and essential AA (EAA; Henry, 1987) , if they are given a choice between diets. Diet selection is a feeding practice that allows individual animals to choose between 2 or more feedstuffs in an effort to meet their nutritional needs. Previous research (Kyriazakis et al., 1990 (Kyriazakis et al., , 1993 Bradford and Gous, 1991a,b) has shown that young, growing pigs can successfully select between 2 or more diets differing in protein and AA content, and that the dietary selection pattern corresponds to changes in the relative amounts of protein and lipid accretion that occur as the animals age. It has also been shown that changes in composition of BW gain (increased protein accretion and decreased lipid accretion) induced by ST treatment result in reduced ADFI and self-selection for a greater percentage of CP in older pigs (Roberts and Azain, 1997) .
The present study was designed to test the hypothesis that pigs of similar age and BW, but differing in body composition, would select dietary protein based on their individual needs. It was assumed that pigs with greater 10th-rib backfat thickness would have greater rates of lipid accretion and reduced rates of protein accretion than leaner pigs of the same BW. Furthermore, pigs with greater amounts of body fat, and thus a reduced percentage of lean mass, would have a reduced protein requirement and would self-select a diet with less protein than leaner pigs. Therefore, the objective of this study was to determine if the pattern of diet selection was different in pigs that were of similar BW, but that differed in the amount of 10th-rib backfat.
MATERIALS AND METHODS
The protocols for these experiments were approved by the University of Georgia Institutional Animal Care and Use Committee.
Experiment 1 was conducted in 2 replicates of 16 pigs each. The replicates were from terminal, crossbred gilts [n = 32; DRU sire (International Boar Semen, Eldora, IA) and Hampshire × Landrace × Large White dams] in 2 consecutive farrowing groups, with an initial BW of 79.4 ± 1.7 kg. The gilts were selected from a larger pool of animals based on BW and 10th-rib backfat thickness and were assigned to 1 of 2 phenotypes (fat or lean) based on real-time ultrasound scans at the 10th rib. Previous work in our laboratory has shown high correlations between subcutaneous fat thickness determined by ultrasound and actual values obtained postslaughter (Mimbs et al., 2005) . To select pigs used in the study, gilts from 20 litters (approximately 100 pigs) were weighed, and ultrasound scans of backfat thickness were obtained at the 10th rib. From the larger group, 16 pigs of similar BW, but differing in 10th-rib backfat thickness, were selected in each of the 2 trials. Pigs within each body composition group or phenotype were randomly assigned to 1 of 2 feeding programs (FP, single or choice). Pigs were individually penned (0.86 × 1.80 m) in an environmentally regulated building. Single-hole stainless steel feeders (60.9 × 30.5 × 30.5 cm) were used in all pens. Pigs in the choice treatment group had 2 identical feeders. Pigs had unlimited access to feed and water throughout the experiment.
In Exp. 2, terminal, crossbred castrated male pigs (n = 32 in 2 replicate trials) with an initial BW of 69.2 ± 1.2 kg were selected from a larger pool of animals and sorted in a similar fashion as in Exp. 1. As in Exp. 1, Exp. 2 consisted of 2 trials with 16 pigs selected for each trial. This study was conducted at the same facility with the same feeders and monitoring procedures as detailed previously.
Experimental Diets
Diets (on an as-fed basis) were 1) a low-protein (LP; 8.5% CP, 0.58% Lys) corn-based diet that was supplemented with Ile, Met, Lys, Thr, Trp, and Val such that all EAA were at or above the quantity suggested for an ideal AA pattern (Fuller et al., 1989; Baker et al., 1993) , and 2) a high-protein (HP; 22.7% CP, 1.275% Lys) corn-and soybean meal-based diet that was supplemented with Lys and Met such that it also had all EAA at or above an ideal pattern (Fuller et al., 1989; Baker et al., 1993;  Table 1 ). Diets were pelleted. During the first week, all pigs were fed a 50:50 blend of the LP and HP diets (15.6% CP, 0.93% Lys) from a single individual stainless steel feeder to acclimate them to the diets and the use of individual feeders. Feed intake was determined daily by weighing the feeders. Feeders were equipped with lids that minimized spillage. Any wet or spilled feed was accounted for. From d 7 to 28, one-half the pigs in each phenotype were given a choice of an LP or HP diet in separate feeders positioned side by side. The position in the pen of the HP and LP diets was switched daily to ensure that pigs were not selecting diets based solely on the position of the feeder. The remaining pigs continued to be fed a 50:50 blended single diet from a single feeder. Total feed intake and CP intake were calculated from the sum of the 2 diets and from the analyzed composition of the diets, respectively.
Ultrasound Measurements, Calculations, and Blood Samples
In both experiments, pigs were weighed weekly. Ultrasound images of 10th-rib backfat thickness were determined on d 0, 7, and 28. Images of LM area at the 10th rib were determined on d 7 and 28. Ultrasound images were collected using an ultrasound unit (Aloka 500-V, Corometrics Medical Systems, Wallingford, CT) with a 17.2-cm, 3.5-MHz linear probe and were interpreted using software (Beef Information Manager software version 3.0, Critical Vision Inc., Atlanta, GA).
Blood samples (10 mL) were collected via vena cava puncture on d 22 at 1200 h in each experiment. Blood was collected into Vacutainer tubes without anticoagulant (Vacutainer, Becton Dickinson and Co., Franklin Lakes, NJ) and allowed to clot before centrifugation at 2,000 × g for 30 min at 4°C. Serum was stored in polypropylene tubes and stored frozen at −20°C until assayed. Plasma samples were assayed for serum urea N, leptin, insulin, triiodothyronine (T 3 ), and thyroxine (T 4 ). Urea N was determined by a colorimetric assay (Sigma Diagnostics, St. Louis, MO). Leptin concentration was determined by a multispecies RIA kit (Linco Research, St. Charles, MO) as described previously (Qian et al., 1999) . Insulin, T 3 , and T 4 were determined using RIA kits (MP Biomedicals, Costa Mesa, CA; Roberts and Azain, 1997) .
Predicted percentage of lean mass was calculated using the following equation (National Swine Improvement Federation, 1996) : percentage of lean = [80.95 − (16.44 × adjbf28) + (4.693 × adjlea28) × 0.54], where adjbf28 is the ultrasound 10th-rib backfat thickness on d 28 adjusted to a common BW of 113.6 kg, and ad-jlea28 is the ultrasound 10th-rib LM area on d 28 adjusted to a common BW of 113.4 kg.
Statistical Analysis
Differences in BW and total feed intake for all pigs, as well as intake of the HP and LP diets by pigs in the choice treatment, were analyzed as repeated measures using the MIXED procedure (SAS Inst. Inc., Cary, NC). Statistical differences in subcutaneous fat thickness and LM area from ultrasound and serum hormones and metabolites in Exp. 1 and 2 were analyzed as a 2 × 2 factorial with the main effects of phenotype (lean or fat) and FP (single or choice) and their interactions, using the GLM procedure of SAS. Feed intake during the 4-h period before blood sampling was used as a covariate in analysis of serum metabolites and hormones. The individual pig was considered the experimental unit. Differences were considered to be significant at P < 0.05.
RESULTS

Exp. 1
Initial BW across treatment groups was similar (79.4 ± 1.0 kg; Table 2 ). Final BW across treatment groups was 106.1 ± 1.5 kg and was not affected by treatment. Average feed intake in the first week, during which all pigs were fed a single diet containing a 50:50 blend of the HP and LP diets, was not different between phenotypes. On d 7, one-half the pigs in each of the lean and fat phenotypes were allowed to self-select between the HP and LP diets (2 feeders in each pen) and onehalf remained on the single diet (50:50 blend of HP and LP). Average daily gain (1.06 kg/d), ADFI (2.64 kg/d), and G:F (0.405) from d 7 to 28 were not different across treatment groups.
The range in initial 10th-rib backfat thickness was 1.19 to 1.82 cm in the pigs classified as lean and was 1.90 to 2.79 cm in those classified as fat. The range in initial BW was similar in both groups (69 to 88 kg). Gilts classified as fat had an average of 2.22 cm of 10th-rib backfat, as compared with 1.52 cm (P < 0.01) in those classified as lean, at the beginning of the diet selection period (d 7). These differences in backfat thickness were maintained (d 28: fat, 3.02 cm vs. lean, 2.42 cm; P < 0.01). There was no effect of diet on backfat thickness or on the calculated change in backfat depth. At the beginning of the diet selection period (d 7), LM area was greater in lean pigs (30.9 cm 2 ) than fat pigs (27.8 cm 2 ; P < 0.01). This difference was maintained during the study (final: lean, 37.8 cm 2 vs. fat, 34.8 cm 2 ; P < 0.05) and was not affected by dietary treatment. As a result of these differences in LM and backfat thickness, the calculated percentage of lean was different between the body types. Phenotypically fat pigs were calculated as having 45.5% lean on d 7, whereas lean pigs were calculated as having 48.6% (P < 0.01). Final values were 46.5 and 50.2% for the fat and lean pigs, respectively (P < 0.01), but were not affected by dietary treatment.
Although there was no difference in ADFI between phenotypes, the pattern of selection differed between lean and fat pigs. From d 7 to 28, fat-choice pigs consumed 69.0% of their feed from the LP diet and 31.0% from the HP diet (Table 3 ). In contrast, lean-choice pigs consumed 35.6% of the LP diet and 64.4% of the HP diet (P < 0.01). Over the period of 7 to 28 d, as a result of differences in selection patterns, lean pigs selected a 16.88% CP diet, whereas fat pigs selected a 12.82% CP diet (P < 0.01; Figure 1 ). Values are means, n = 8/group. All pigs were fed a mix of the high-protein (HP) and low-protein (LP) diets from d 0 to 7. On d 7, one-half the pigs in each body type were offered separate feeders with separate diets. Intake was monitored daily and the position of the HP and LP diets in the pen was switched.
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Pigs were designated as fat or lean based on a ranking by BW and 10th-rib backfat thickness.
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The CP percentage of the diet selected was calculated from the intake of each diet and its CP.
Serum urea N was similar in fat and lean pigs on the single diet (Table 2 ). However, urea N was greater in lean pigs in the choice group as compared with the corresponding fat pigs (20.2 vs. 13.1 mg/dL; P < 0.01). Across body composition groups, urea N was correlated with the protein intake from the previous day (r = 0.650, P < 0.01) and with the average protein intake for d 7 to 21 (r = 0.79, P < 0.01; data not shown). Serum leptin was 14% greater in lean gilts (3.84 vs. 3.35 μg/L; P < 0.05), but was not affected by dietary treatment group. Leptin concentration was correlated with backfat thickness (r = 0.59, P < 0.01). Circulating thyroid hormone (T 3 , 84.0 ng/dL; T 4 , 1.89 g/dL) and insulin (11.7 U/mL) concentrations were not different between phenotypes or FP (data not shown).
Exp. 2
Average initial BW across treatment groups was similar (69.2 ± 1.2 kg; Table 4 ). Final BW of fat and lean barrows was 103.3 and 106.6 kg (P < 0.05), respectively. Growth rate (1.27 kg/d) and ADFI (3.09 kg/d) were not different across treatment groups.
The range in initial 10th-rib backfat thickness in the barrows was 1.24 to 2.33 cm in the pigs classified as lean and 1.85 to 2.82 cm in those classified as fat. The range in initial BW was similar in both groups Determined by ultrasound.
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Percentage of lean was calculated from ultrasound measures of 10th-rib backfat thickness and LM area (National Swine Improvement Federation, 1996) .
(61 to 78 kg). At the beginning of the selection period (d 7), barrows classified as fat had an average of 2.33 cm of 10th-rib backfat as compared with 1.75 cm (P < 0.01) in those classified as lean. These initial differences in backfat thickness were maintained throughout the study (d 28: fat, 2.82 cm vs. lean, 2.42 cm; P < 0.01). There was no effect of diet on backfat thickness or on the calculated change in backfat thickness. In contrast to what was observed in the gilts, LM area was not different between the barrows classified as lean or fat (d 7: 25.8 cm 2 ; d 28: 33.0 cm 2 ). As in the gilts, the calculated percentage of lean was different between the body types. Phenotypically fat barrows were calculated to be 45.6% lean, whereas lean pigs were 46.6% lean (P = 0.08). Final values were 46.4 and 48.1%, respectively (P < 0.05), but there was no effect of dietary treatment.
From d 7 to 28, ADFI in fat-choice pigs was 3.00 kg/d as compared with 3.13 kg/d in lean-choice pigs (P = 0.78). This was the result of fat pigs consuming an average of 1.78 kg/d of the HP diet and 1.22 kg/d of the LP diet, and lean pigs consuming an average of 2.21 kg/d of the HP diet and 0.92 kg/d of the LP diet. Fat pigs consumed 40.7% of their feed from the LP diet and 59.3% from the HP diet. Lean-choice pigs consumed 29.4% of the LP diet and 70.6% of the HP diet. This selection pattern resulted in lean pigs selecting a 17.4% CP diet, whereas fat pigs selected a 15.9% CP diet (Figure 2 ). The patterns of protein selection in the barrows were not statistically different.
Serum urea N values (21.4 mg/dL), thyroid hormones (T 3 , 91.5 ng/dL; T 4 , 2.02 g/dL), insulin (13.6 U/mL), or leptin (3.52 ng/mL) were not affected by phenotype or FP in the barrows (data not shown). Across body composition groups in pigs in the choice feeding group, urea N concentrations were correlated with the protein intake from the previous day (r = 0.909, P < 0.001) and with the average protein intake over the 21-d period (r = 0.69, P < 0.001; data not shown). In the barrows, leptin was correlated with ADFI (r = 0.50, P < 0.01). Circulating T 3 was inversely correlated with ADG (r = −0.54, P < 0.01), ADFI (r = −0.51, P < 0.01), and grams of protein intake (r = −0.65, P < 0.001).
DISCUSSION
The ability of animals to select between diets with adequate and inadequate protein was first demonstrated in rats by Osborne and Mendel (1918) . It was later suggested that there is separate regulation of energy and protein intake (Rozin, 1968; Webster, 1993) . The ability of rodents to select between diets differing in a single, limiting indispensable AA is well established (Gietzen and Rogers, 2006) . This ability to select for differences in a single AA has also been extended to pigs Roth, 2004, 2009; Roth et al., 2006) .
Groups of animals are typically fed the diet that most closely matches the BW range identified in the NRC (1998) tables, and the specific requirements of an individual animal are not considered. Apparently, similar animals (animals with the same sex, age, or BW, for example) can have quite different amounts of feed intake and dietary preferences (Forbes, 1995) . It is not known if these variations are due to differences in nutritional history, nutrient requirements, or simply random variation. One potential source of individual variation in nutrient requirements is differences in body composition or composition of BW gain. Various studies have concluded that when growing pigs were allowed to self-select between diets with high and low CP, they maximized performance and carcass leanness and better matched their AA intake to requirements (Kyriazakis et al., 1990; Bradford and Gous, 1991a,b) . We have previously shown that diet selection patterns are affected by composition of BW gain in finishing pigs treated with ST (Roberts and Azain, 1997) .
The objective of the present work was to determine if pigs of similar genetic background and age would select differently and if the pattern of selection would be related to composition of BW gain. For this work, it was assumed that pigs of similar BW, but differing in 10th-rib backfat thickness, would represent differences in composition of BW gain that may result in diet selection differences. The underlying assumption was that fat pigs, animals with greater amounts of body fat and thus a decreased percentage of lean mass, would self-select a diet with less protein than lean pigs (those with greater amounts of lean mass and a decreased percentage of body fat). This was clearly demonstrated in Exp. 1 with the female pigs, for which there were differences in diet selection between animals classified as fat or lean, but it was less obvious in the barrows in Exp. 2. The differences between pigs classified as fat and lean in the barrow study, particularly those in the choice treatment groups, were less obvious than those in the gilts. In Exp. 1, lean pigs in the choice group had 28% less backfat thickness than their fat counterparts at the beginning of the selection period (d 7). In contrast, lean-choice barrows in Exp. 2 had only 8% less backfat. Similarly, the calculated percentage of lean in the gilts on d 7 was 2.8 percentage units different (45.7 vs. 48.5%) as compared with a 1 percentage unit difference in the barrows (45.6 vs. 46.6%). This lack of difference between groups was also observed for circulating leptin, which was 14% less in lean gilts in Exp. 1, but was not different between fat and lean barrows in Exp. 2. This may have contributed to the lack of a significant difference in this experiment.
Another factor may have been that the 2 feeds offered in the present studies were not sufficiently different for the barrows to select based on their nutrient requirements. The LP diet was analyzed and contained 0.63% Lys in Exp. 2, which would not have been a deficient diet based on the NRC (1998) recommendation of 0.60% total Lys for pigs with this BW. However, studies published after the most recent NRC (1998) have shown that current lines of pigs likely respond to greater concentrations of Lys and other EAA than those included in the data used for the recommendations (Cline et al., 2000) .
Despite these limitations, the results support the idea that when offered a choice of diets differing in protein (or AA) content, gilts are able to select a diet that matches their need based on differences in body composition. Although there was no effect of diet selection on growth performance, there were differences in protein intake, which would be expected to affect N balance and excretion. Diet selection represents a means of meeting the nutrient requirements of individual animals housed together. Several studies have shown that as pigs grow and their AA requirements change, they are able to self-select between diets varying in protein content to meet the expected decrease in AA requirements as BW increases (Kyriazakis et al., 1990; Owen et al., 1994; Ettle and Roth, 2009 ). In the present study, a decrease in protein consumption as a percentage of intake was not observed. The basis for the lack of change is not certain, but it may be that the duration of the study was too short.
In previous work, Kyriazakis et al. (1993) demonstrated differences in protein selection between Large White × Landrace and Meishan pigs that were relatively similar to those observed here. Meishan pigs selfselected a 14.4% protein diet as compared with a 19.6% in the contemporary line. Although pigs in the present study were less divergent, a similar pattern was noted. This is the first demonstration of differences in diet selection in pigs of a similar genetic background, and it demonstrates the considerable individual variation in composition that exists in animals within the same line.
These results indicate that nutrient intake is influenced by body composition or composition of BW gain. As such, there should be signals from the periphery that communicate the nutrient needs and that result in changes in the selection pattern (Havel, 2001) . The mechanism(s) whereby body composition or composition of BW gain is communicated to central feeding centers is not clearly established, particularly in the pig. Diets in the present study differed in both protein concentration and calorie:protein ratio. Pigs selecting a diet with reduced AA by default selected for a greater calorie:protein ratio. Our earlier studies in the rat (Roberts et al., 1995) and by others (Harper and Peters, 1989; Gietzen and Rogers, 2006) indicate that the AA needs for protein deposition are communicated through changes in circulating AA. The perception of incoming dietary AA is likely mediated by the hepatic vagus (Phositlimpagul et al., 2002) . Similarly, there is likely a signal from the periphery that communicates energy reserves and caloric needs. The classic lipostatic theory (Kennedy, 1953) would seem to fit this component, and leptin has been suggested to be the signal from adipose tissue that communicates body fat stores (Zhang et al., 1994) . However, if leptin were involved as the signal for caloric need, the fat pigs selecting greater amounts of the LP diet might have been expected to have decreased circulating concentrations of leptin relative to the lean pigs. In fact, the opposite was true; pigs with greater subcutaneous adipose tissue had greater leptin concentrations. In general, animals with greater fat mass have greater leptin (Ramsay et al., 1998; Baile et al., 2000; Berg et al., 2003; Jacobi et al., 2004) . Because ADFI in the 2 phenotypes was similar, it is likely that some other signal is responsible for the differences in diet selection. The greater circulating leptin concentrations in pigs with greater amounts of body fat is in agreement with the literature but does not result in a change in selection pattern or ADFI.
This work supports the concept that animals can separately regulate energy and AA intake (Webster, 1993) . It also tends to rule out leptin as the signal from adipose tissue that contributes to energy intake and indicates that other factors are involved.
As suggested previously by Kyriazakis et al. (1990) , diet selection may be a practical means to meet the needs of individual animals more closely, as opposed to the needs of the average animal. The benefits of self-selection to the pork industry would potentially be reduced diet costs as a result of reduced dietary protein intake, a greater efficiency of protein utilization, and, in turn, the potential for reduced nitrogenous waste material from animals that are not being overfed protein.
Allowing pigs to self-select did not alter performance criteria compared with those pigs fed a single diet; however, the results indicate that allowing individual animals to self-select between 2 substantially different feeds may reduce the N intake, and thus N excretion and the cost of production. The implication of this work is that diet selection can be used to allow pigs to meet their individual nutrient requirements more closely. It should be noted that not all research in this area supports the practical application of diet selection for group-penned
